Searching PAJ 



1/1 ^—i^ 



PATENT ABSTRACTS OF JAPAN 




(1 DPublicatfon number : 2001-307545 
C433Date of pufalication of apptication ; 02.11-2001 



rsilrnt C3I 




H01B 1/06 
COeU 3/24 
COBJ 5/1 S 
C08K 3/3Z 
uOaK //I 4 
COfiL 71/02 
COaL 83/04 
H01H 8/02 

mn a/10 




C21}Application number : 


2QQ0-Z49319 


(71 )Appf leant 


: NATL DMSr OF ADVANCED 








INDUSTRIAL SCIENCE & 








TECHNOLOGY METI 








HONMA HTARU 








SEKISU CHEM CO LTD 


C22)Dat« of filing: 


21.08^000 


C7Z)Inventor : 


HONMA FTARU 








NOMURA SHIGEKl 








SUGEMOTO TOSHIYA 








NISHIKAWA OSAMU 



(30)PrioirHy 

Ppforfty number ; 11 264066 Priority date : 17,09.1999 Priority country : JP 
Z00003S7Z7 16.02.2000 JP 



(54) PROTON CONDUCTIVE HLM ITS MANUFACTURING METHOD, AND FUEL CELL USING 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a proton conductive film excellent in heat resistance, 
durabilrty, and proton conductivity even at high temperatures, its manufacturing method, and a 
fuel cell using it 

SOLUTION: This proton conductive film comprises an organic material (A), a three-dimensional 
crosslinking structure having metal-xixygen bonds (B). a proton conductivity Importing agent (C), 
and water (DX (0 The organic material (A) has the number average molecular weight of 56- 
30,000 and four or more linked carbon atoms in a main chain, and additionally, Cii) the organic 
material (A) and the three-dimensional crosslinking structure (B) are joined by covalent bonds. 
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CLAIMS 



CCIaimCs)] 

[Claim 1]Are an organic substance (A), a three--dimens!onal structure-of-cross-iinkage object 
05) which has a metal-oxygen bond, a proton conductivity grant agent (G). and water (D) a 
proton conductive film to contain, and 0) organic substance (AX A proton conductive film which 
has a number average molecular weight of 56-30000, and has at least four connected carbon 
atoms in a main chain, and is further characterized by having combined (i!) organic substance (A) 
and a three-dimensional structure-nof-cross-linkage object (B) by a oovalont bond. 
[Claim 23The proton conductive film according to claim 1. wherein organic substances CA) are 
polyether. 

[Claim 3]The proton conducthre film according to clairn 2, wherein an organic substance CA) is 
polytetramethylene oxide. 

[Claim 4]The prx3ton conductive film according to claim 1, wherein organic substances (A) are 
polymethylenes. 

[Claim 5]The proton conductive film according to claim 4, wherein an organic substance CA) is 
octamethylene. 

[Claim 6]The proton conductive film according to claim 1. wherein an organic substance (A) 
contains water retention resin CE) which has less than four connected carbon atoms in a main 
chain fijrther, 

[Claim 7]The proton conductive film according to claim 6, wherein water retention resin (E) is 
polyethylene oxide. 

[Clafm 8]The proton conductive film according to claim 1, wherein an organic substance (A) is a 
mixture of polytetramethylene oxide and polyethylene oxide. 

[Claim 9]The proton conductive film according to claim 1, wherein a three-dimensional 
structure-of-cross-linkage object CB) is formed of a silicon-pxygen bond 
[Claim 10]The proton conductive film according to claim 1, wherein a proton conductivity grant 
agent CC) is inorganic solid acid. 

[Claim 1 1]The proton conductive film according to claim 10, y^erein inorganic solid acid is 
tungstophosphoric acid. 

[Claim lZ]a proton conductivity grant agent (O) receives total quantity 100 weight section of an 
organic substance CA) and a three-dimensionaj structure-of-crossHlnkage object (B) — 5 - 500 
weight-section — the proton conductive film according to claim 1 characterized by things, 
[Claim 13]The proton conductive film according to claim 1 by which water CD) being included one 
to 60% of the weight to ih^. proton conductive film whole quantity. 

[Claim 14]The proton conductive film containing a reinforcing agent (F) according to claim 1. 
[Claim 1S]The proton conductive film according to claim 14. wherein a reinforcing agent CF) is 
glass fiber, 

[Claim 1 5]A manufecturing method of a proton conductive film characterized by what it is [ a 
thing 3 characterized by comprising the following, 

A process of preparing the system of reaction containing an organic substance (A), a hydrolytic 
inorganic compound which forms a three-dimensional structure-of-crcss-linkage cAject CBX and 
a mixture which mixed a proton conducti^^'ty grant agent CC). arid producing it 
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A process which performs 9 sqI gel reaction by makinj^ water CD) of ^ steam or a fluid exist in 
the produced this system of reaction, and mak^s a ttiree^imensional structure— of-cross-lirf^age 
object (B) by a metal-P??yB«ri bond form into a film, 

[Claim 17]A manufecturing method of a proton conductive film characterise by what it is [ a 
thing ] characterized by comprising the following:, 

A process of preparing the system of reaction containing an organic substance (A), a hydrolytic 
inorganic compound which forms a three-dimensional structure-of-cross-linkage object (B)» and 
a mi^^ture which mixed a proton conductivity grant agent (C). and producing it- 
A process which performs a sol gel reaction by making alcohol of water (D) of a steam or a fluid, 
and four or less carbon atom alcohol vapor, or a fluid exist in the produced tills system of 
reaction, and makes a three-dimensional $tructure-of-cross-linkage object (B) by a metal- 
oxygen bond form into a film. 

[Claim ^8JA manufacturing method of the proton conductive film according to claim 16 or 17 
mixing an organic substance (A) and a hydrolytic inorganic compound which forms a three— 
dimensional structure-of^crossHinkage object (B) in an organic solvent (G). 
[Claim 19]A manufacturing method of the proton conductive film according to claim 18, wherein 
specific inductive capacity is ZO or more and the boiling point adds a not less than 100*+ 
compound (M) to an organic solvent (G) farther. 

[Claim 20lA manufacturing method of the proton conductive film according to claim 19 in which 
specific inductive capacity is 20 or more, and the boiKng point is characterized by choosing a not 
less than 100 +^ compound CH) from ethylene carbonate, propylene carbonate, or butylene 
carbonate. 

[Claim Z1]A fuel cell which uses a proton conductive film of a statement for any 1 paragraph cf 
claims 1-1 5» and is characterized by things. 



[Translation donej 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the (nvention]This invention relates to the ftjel cell which used a proton conductive film, 
its manufacturinK method, and it 

It is related with thej proton conductive film in which the proton conductivity which was excellent 
in heat resistance or endurance and was moreover excellent also in the elevated temperature in 
more detail is shown, its manuiacturine: method and the fuel cell using it 

[0002] 

CPescrlption of the Prior ArtQln recent years, since generation efficiency is highly excellent In 
environment nature, the fuel cell attracts attention as a power plant of the next generation 
which can contribute to solution of the environmental problem and energy problems which are 
big SUBJECT sociafly. Although a fuel cefl is generally classified into some types according to an 
electrolytic kind, even if it compares a polymer electrolyte fuel cell (PEFC) with which other 
types, they are small size and high power also in this. 

It is considered as the next-generation main force as fuel cells, such as a small-scafe type on 
site, an object for mobiles (mount), and portable* 

[0003]Thus, theoretically, although the polymer eiectrolyte fuel cell has the outstanding strong 
point, with a regrettable thing the place by the present. Since a practical electrolyte membrane 
material which filled all of the heat resistance and endurance which are military requirements 
required as an electrolyte membrane, proton conductlvHty, etc, does not ^jq^ In the polymer 
electrolyte fuel cell of the actual condition which does not yet result in a practical use stage, but 
is in a trial production or a teeing phase. Perfluoro alkyl^ne is made into a main skeleton and the 
fluorine system film which has ion exchange groups, such as a sulfonic group and a carboxylic 
acid group, at the end of a perfluoro vinyl ether side chain in part is mainly used as the 
electrolyte membrane, as such a fluorine system film — for example, a Nafion R film (Du Pont) 
U.S, Pat No. 4,330,654^ a Dow film (Dow Chemical JP,4^366137^. an Aciplex Rfilm (Asahi 
Chemical Industry [ Co.. Ltd. ] Co., Ltd, JP.6--342665,A), a Flemion R film (Asahi GIa$s [ Co^ 
Ltd, ] Co., LtdJ, etc- are known, 

[0004](n the present polymer electrolyte fuel cell used for the electrolyte membrane, these 
fluorine system film. Since the ion channel stricture which has contributed to proton conduction 
will be destroyed if the fluorine system film itself has ^ass transition temperature (Tg) at neariy 
130 "fvK and it makes it a temperature range higher than it operation is usually performed fi-om 
the room temperature In an about 80 ^ comparatively lew temperature range. Undesirably, if 
operation in a temperature range low for a fuel cell has a low operating temperature, generation 
ofHciency not only becomes low, but the fatal problem that poisoning by the carbon monoxide of 
a catalyst happens notably etc* will produce it 

£Q005]in the field of a fijel cell, in order to avoid the problem accompanying operation in such a 
low temperature range, operating in a higher temperature range is always pursued, and operation 
in a higher temperature range takes a operation effect which is described below. For example, if 
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an qperating temperature will be not le^s than 100 the waste heat management of generation 
efficiency also becomes pqssible. and it not only improves, but it can utilize energy efficiently. If 
an operating temperature can be raised to 140 not only a waste heat management but 
improvement in efficiency and the width of catalyst material selection spread, and a cheap fuel 
cell can be realized. 

[0006][n order to raise the operating temperature of a polymer electrolyte fuel cell, various 
electrolyte membrane materials (namely, proton conductive material) are proposed so that it may 
state below until now. The heat-resistant aromatic system polymer material used as instead of 
[ of the conventional fluorine system film ] Is typical, For example, although polybenzimidazole 
(jp 9_n098Z^, polyether sulphone (JP,10-Z1943A JP. 10-459 13, A), a polyether ether ketone 
(jp'9_g7510^). etc. are mentioned. Since each of these aromatic system polymer materials is 
very upright high molecular compounds, there is a problem that possibilities, such as breakage, 
are high^ in the case of film-electrode conjugate formation* In order that these aromatic system 
polymer materials may moreover give proton conducth/ity required for an electrolyte membrane, 
it is embellished with acidic groups, 3uch as a sulfonic group and a phosphate group, and. as a 
result have become water solubility or water swelling nature, but In the case of water solubility, 
there IS a problem of being inapplicable to the system which water like a fuel cell generates, and 
there is a problem that an electrode may be damaged with the stress by swelling also when it is 
water swelling nature, or membrane failure may happen by the strength reduction of the film by 
swelling 

[0007]On the other hand, the following inorganic materials are also proposed as a proton 
conductive material, for example, south obtains the inorganic material of proton conductivity by 
adding various acid in a hydrolytic silyl compound — **** CSolid State [onics74 (1994), the 105th 
page) — these inorganic materials, although an elevated temperature also shows proton 
conductivity stably. When it is considered as a thin film, it is easy to be divided, and there is a 
problem that handling and electrode production are difficult. In order to conquer such a problem, 
the method (JP,8-24g9Z3.A3 of grinding the inorganic material of proton conductivity, for 
example, and mixing with an elastomer, the method (JPJ0-69S1 7,A) of mixing with sulfone group 
content polymers, etc. are tried, but As for no these methods, the polymeric material of a binder 
has combination with an inorganic bridging body, etc., but moreover, since a fundamental thermal 
property does not have a polymeric-material independent and a big difference, a structural 
change of a polymeric material takes place and the problem that stable proton conductivity !s 
not shown produces rt in a high temperaUire region. 

[0008]As mentioned above, in order to improve the problem in the conventional polymer 
electrolyte fuel cell In spite of having done the research and development about various 
electrolyte membrane materials, the actual condition was that the proton conductive film which 
hi^s endurance sufficient at an elevated temperature (for example, not less than 1 00 and with 
which it was [ old place ] moreover satisfied of mechanical performance etc. does not yet ^xist 
[0009] 

tf'roblemCs) to be Solved by the Inventionlln order that the purpose of this invention may solve 
the problem in the conventional polymer electrolyte fuel cell, ft is in providing a proton 
conductive film in which the proton conductivity which was excellent in heat resistance or 
endurance and was moreover excellent also In the elevated temperature is shown, and a 
manufacturing method for the same, and providing the fuel cell which uses this proton 
conductive film further. 
[0010] 

[Means for Solving the Prcblem]When this invention persons repeat research wholeheartedly 
about various electrolyte membrane materials in view of an aforementioned prcAlem, as an 
essential ingredient which constitutes a film. By selecting combination of a specific oiganic 
substance, a three-dimensional structure-of-crossHinkage object which has a specific metal- 
oxygen bond, a proton conductivity grant agent and a specific proton transmitter, A covalent 
bond is formed betwew the above-mentioned organic substance and a three-dimensional 
structure-of-crossHinkage object [t found out that epoch-making organic inorganic composite 
membrane which shows proton conductivrty v^ich was excellent in heat resistance and 
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endurance which will be in a dispersion state (nano dispersion) in a molecular level whose 
ingrediisint of both is very fine, and do not look at an example to the former as a result, and was 
moreover excellent also \n elevated temperature was obtained. And this invention comes to 
be completed based on these knowledge. 

[0011]Namely, a three-dimensional striJcturie--of-cro5s-linkage object (B) which has an organic 
substance (/O and metal-oxygen bond according to the Envention of the 1st of this invention. Are 
a proton conductivity grant agent CC) and water (D) a proton conductive film to contain, and CO 
organic substance (A), It has a number average molecular weietrt of 56-30000, and has at leasrt 
four connected carbon atoms in a main chain, and a proton conductive film further characterized 
by having combined (ii) organic substance (A) and a three-dimensional structure-of-cross- 
linkage object (B) by a covalent bond is provided, 

[0012]According to the invention of the Znd of this invention, rn the 1st invention, a proton 
conductive film, wherein organic substances (A) are polyether is provided. 
[0013]According to the invention af the 3rd of this invention. In the 2nd Invention, a proton 
conductive film, wherein an orgjanic sdbstance (A) is polyfcetramethylene oxide is provided further 
again, 

[0014]Accordingto the invention of the 4th of this invention. In the 1st invention, a proton 
conductive film, wherein organic substances (A) are polymethylenes is provided. 
[001 5] According to the invention of the 5th of this invention, in the 4th invention, a proton 
conductive film, wherein an organic substance (A) is octamethylene is provided further again, 
[001 6] According to the invention of the Bth of this invention, in the 1st invention, a proton 
conductive film, wherein an organic substance (A) contains water retention resin (E) which has 
less than four connected carbon atoms in a main chain fijrther is provided, 
[00l7]According to the invention of the 7th of this invention, in the 6tii invention, a proton 
conductive film, wherein water retention resin (E) is polyethylene pxide is provided fiirther again, 
[0018]According to liie invention of the 8th of this invention, in tfie 1st invention, a proton 
conductive film, wherein an organic sub^nce (A) is a mi?d:ure of polytetramethj^ene oxide and 
polyethylene oxide is provided- 

[0Pl9]Accordingto the invention of 1*ie 9th of this invention, in the 1st invention, a proton 
conductive film, wherein a three-dimensional structure-of-crossHinkage object (B) is formed of 
a Silicon— oxygen bond is provided further again. 

[OOZO] According to the Invention of the 10th of this invention, in the Ist invention, a proton 
conductive film, wherein a proton conductivity grant agent CG] is inorganic solid acid is provided. 
[0021lAccording to the invention of the 11-* of this invention, in the ^Oth invention, a proton 
conductive film, wherein inorganic solid acid is tungstophosphoric acid is provided further again. 
CoaZZ]moreover — according to the invention of the 12th of this invention, in IJie 1st invention, 
a proton conductivity grant agent (C) receives total quantrty 100 weight section of an organio 
substance (A) and a three--dimensional ^ructure-of-cross-linkage object CB) ^ — 5 - 500 weight- 
section — a proton conductive film characterized by things is provided. 
[0023]According to the invention of the 13th of this invention, in the 1^ invention, a proton 
conductive film by which water (D) being included one to 60% of the weight to the proton 
conductive film whole quantity is provided further agaia 

[a024]According to the invention of the 14th of this invention, in the 1st invention, a proton 
conductive film further characterired by containing a reinforcing agent (F) is provided, 
C002S]Acoording to the invention of the ISth of this invention, in the 14th invention, a proton 
conductive film, whei^in a reinforcing agent (F) is glass fiber is provided further again. 
[002B]A process of preparing tiie system of reaction which, on the other hand, contains an 
organic substance (A), a hydrolytic inorganic compound which forms a three-dimen^onal 
5tructure-of-cross^inkage object (B), and a mixture which mixed a proton conductivity grant 
agent CO according to the invention of the 16th of this invention, and producing rt. By making 
water (D) of a steam or a fluid exist in the produced this system of reaction, a sol gel reaction is 
performed and a manufeoturing method of a proton conductive film characterii:ed by what a 
process in which a three-dimensional structure-of-croSsHinkage object (B) by a metal-oxy^n 
bond is made to fonn is included for in a film is provided. 
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[O027]A process of preparing the system of reaction which contains an organic substance (A), a 
hydrolyttc Inorganic compound which forms a three-dimwiaonal structure-of-cross-iinkage 
object CB). and a mixture which mixed a proton conductivity grant agent CO according to the 
invention of the 1 7th of this invention, and producing it, A sol gel reaction is performed by 
making alcohol of water (D) of a steam or a fluid, and four or less cartaon atom alcohol vapor, or 
a fluid exist In the produced tiiis system of reaction, A manufecturing method of a proton 
conductive film characterized by what a process which makes a three-dimensional structure-of- 
crxjssHinkage object (B) by a metal-oxygen bond fi^rm into a film is included for is provided. 
[0028]Acoordingto the invention of the 18th of this invention, in an invention of the 16th or 17, 
a manufecturing method of a proton conductive film mixing an organic substance CA) and a 
hydrolytic inor^nic compound which forms a three-dimensional structure-ctf-o-oss-lmkage 
object (B) in an organic solvent (G) «s provided further again. 

C00Z9]According to the invention of the 1 9th of this invention. In the ISth invention, a. 
manufacturing method of a proton conductive film, wherein specific inductive capacity is 20 or 
more and the boifing point adds a not less than 100 compound (H) to an organic solvent (Gj 
further Is provided, - , . 

[0030]According to the invention of the 20th of this invention, in the 19th mvention. a 
manufecturing method of a pr^n oonductive film which specific indgi?tive capacity is ZO or 
more, and Is characterized by choosing the boiling point from ethylene carbonate, propylene 
carbonate, or bulylene carbonate, as for a not less than 100 ** compound (H) is provided further 

[003l3On the other hand, according to the invention of the Zlst of this invention, a fuel cell 
which uses a proton conducth^e film obtained by the 1st thnj/or the 15th one of inventions, and 
is characterized by things is provided again. 

[Embodiment of the tnventionlHereaftcr, this invention is explained Sn detail, 
[003^1. Organic substance (A) 

The proton conductive film of tW$ invention contains an organic substance (A», the three- 
dimensional structure-of-cTOSsHinkage object (B) which has a metal-oxygen bond, a proton 
conductivity grant agent (C). and water (D). The organic substance (A) of this invention is used 
in order to give moderate pliability to a proton oonductwe film and to make handling and 
electrode production easy, but It is important for it to satisiy two requirements which have a 
number average molecular weight erf 56-30000, and also say at least four connected carbon 
atoms suddenly to a main chain. 

[0033]Since the proton conductivity grant agent (C) used together Is an acid component 
although not restricted in particular if only an organic substance (A) satisfies the two above- 
mentioned requirements, that into which structure is not decomposed with acid is used 

preferably. , ■ , , ^ 

[00341Since the organic substance which does not satisfy the requirements which also say at 
least four connected carbon atoms suddenly to a main chain cannot form the film which has 
pliabilHy. it is not desirable. Although pliability Is acquired when hetero atoms, such as oxygen, 
nitrogen, and sulfur, are included on the way even if the connected carbon atom is less than four 
pieces, since a polar shrft takes place within 1 - 3 chain of a carbon atom and it becomes very 
easy to receive hydrolysis by the proton and water in a film as a result, it is not desirable. On 
the other hand, since such a polar shift will be greatly improved rf it has a carbon atom of 4 or 
more ****s even if it is an organic substance which contains hetero atoms, sudi as oxygen, 
nitrogen, and sulfur, even rf. it can use as an organic substance of this invention, 
[0035]^ long as an organic substance (A) has at least four connected carbon atoms in a main 
chain, it may be a straight chain, may have branching etc.. and may contain hetero atoms, surfi 
as oxygen, nitrogen, and sulfur, on the way. and may have what kind of structure further. 
Although the organic substance of the easiest structure of having a carbon atom of 4 chains is 
butylene. the molecular weight is 56. As for the number average molecular weight of an organic 
substance, although there is no maximum in particular in the number of chains of a carbon atom, 
in order to expect the heat-resistant effect by combination with an organic substance (A) and a 
three-dimensional structure-of^ross-linkage object (B). it is desirable that it is 30000 or less. 
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[0036]{f the compound applicable to the organic substance (A) of this invention is illustrated 
here. For example, polyether, such as polytetramethylene oxide and polyhexamethylene oxide; 
Polyacrylic acid and pclymethacrylic acid. These [ (less or equal and ] two are summarized and it 
is called poly(meta) acrylic acid for short), Poly(meta) acodic acid n-prcpyl pqly(meta) acrylic 
acid isopropyU PolyCmeta) acrylic acid n-butyL poly (meta) isobutyl acrylate, PolyCmeta) acrylic 
acid sec-butyl, polyCmeta) acrylic acid tert-butyl, Poly(meta) acrylic acid n-hoxyl. poly(meta) 
acrylic acid cycloh^xyl, PclyCmetai acrylic acid n-octyl, po!yCmeta) acrylic acid isooctyl. Poly 
(meta) Z-ethylhexyl acrylate. poly (meta) decyl acrylate, Poty(meta) acrylic acid lauryl, polyCmeta) 
acrylic acid rsononyl, Poly(meta) acrylic acid, such as polyCmeta) acrylic acid isoboronyl. poly 
(meta) acrylic acid benzyl, and poly(meta) acrylic acid stearyl; PolyaCTylamide, poly N-alkyl 
acrylamide, Acrylamide, such as poly 2-acryIamidp--2'-methyl propane sulfonic acid; Polyvinyl 
acetate, Poly formic acid vinyl, polyp Ropion acid vinyL polybutanoic acid vinyl poly n-caproic 
acid vinyl, Poly jsocaproic acid vinyl, polyoctanoic acid vInyL pclylauric acid vinyl, Polypulmitic 
acid vinyl, polystearic acid vinyl, polytrimethyl vinyl acetate, Polychlo^o^n^yl acetate, 
polytrichloroacetic acid vinyl, polytrrfluorovinyl acetate^ Acetal resia such as vinyl ester: 
polyvinyl alcohol; polyvinyl butyrals, such as polybenzioic acid vinyl and polypivalic— acid vinyl; 
Tetramethylen, Hexamethylene, octamethylene, decamethylene, dodecamethylene, Polyolefines. 
such as polymethylenes, such as tetrodeoamethylene, further long-chain polyethylene, 
polypropylene, and polyisobutylene; although fluoro-resJns, such as poiytetrafluoroethylene and 
polyvinylidene fluoride, etc* are mentioned^ in this invention, it is not limited to these, bi this 
invention, these copolymers may be used, and two or more kinds can also use these organicity 
polymer further, mixing- Although polyether, polyolefines, a fluoro-resin, etc. are suitably used 
from the field of the stability to acid and heat also in these organic substances. When grant of 
pliability and compatibility wrth a three-dimensional structure-ofHsrossHinkage object or a 
proton conductivity grant agent are taken into consideration, it is mor^ preferred to use 
polyether, such as polytetramethylene oxide and polyhexamethylene oxide, especially. Polyether 
becomes very advantageous m order to attain high proton conductivrty with the polarity of an 
eth^r bond, since it has moderate pliability, and it is good and the addition of more proton 
conductivity grant agents of compatibilrfcy with a three-dimensional strwcture-of-cross-Unkage 
object or a proton conductivity grant agent is attained. 

U00373When heat resistance other than the above-mentioned characteristic is taken into 
consideration, especially the thing for which polytetramethylene oxide is used is preferred. It is 
[ oxide / polytetramethylene ] easily and cheaply available with marketing in that by which the 
molecular weight was controlled. If it is used for the proton conductive film of this invention, 
sufficient pliability can be revealed, and neither coloring nor cutting takes place to 160 but it 
excels in heat resistance, and can use preferably. Although the molecular weight in particular of 
polytetramethylene oxide is not restricted, ZOO or more and ZOOO or less thing is preferably used 
for weight average molecular weight. 

[0Q38]if heat resistance and acid resistance are taken Into consideration, a polymethylene chain 
without an ether bond and what is called an olefin chain can also be used conveniently. As this 
example, tetramethylen, hexamethylene, octamethylene, decamethylene. dodecamethylene, 
tetradecamethylene, further lon^chain polyethylene, isobutylene with branching, and isoprene 

mentioned, and these mixtures may be used. Among these, especially, a meiJiylene chain can 
show high conductivity and can use the thing of 4-20 conveniently. 

[0D39]Polar groups, such as a carboxylic acid group, a hydroxyl group, a sulfonic group, and a 
phosphate groEjp, may be introduced into these organic substances from the field of compatibility 
with an ion conduction medium or an inorganic bridging body. Especially in the case of 
polyolefines and a fluoro--resin, it is desirable to introduce such a polar group wlA techniques, 
such as copolymeriration. 

n0040]Water retention resin (E) of 4 or less of carbon atoms, such as a polyethylene glycol 
and a polypropylene glycol, may be added to an organic substance (A) in the range which does 
not lose heat resistance other than the above-mentioned organic polymer. Although water 
retention resin means here the resin which can contain water 5% of the weight or more and there 
is no restriction in particular in the molecular weight, especially the thing that can be dissolved in 



http://www4,ipdljnpitgojp/cgi-bin/tranjftreb.cgi_^e?atw^u==http%3A%2l^ 2009/10/28 



JP.2001-30754S,A [DETAILED DESCRIPTION] 



6/Z1 ^— ^ 



water is preferred Such water retention resin (E) can ba^r the role holding the water (D) which 
15 a proton transmitter, and oontrbutes it to the proton conveotive manifestation especially 
stable from low temperature. 

[0041]Although the content ratio of water retention resin changes with the thermal stahilHy of 
water retention resin, acid resistance, etc., ttie content of water retention resin in or^nio 
substance (A) 100 weight section Is usually 10 - SG weight section preferably five to 95 weight 
SBCtionn The water retention effect cannot be expected that the content is less than five vtfeight 
sections, but on the other hand, if SO weight sections are exceeded, mwibranous heat 
resistance will get worse, 

C00423Although the combination of polytetramethylene oxide and a polyethylene glycol is 
mentioned as one of the desirable modes of an organic substance (A), tn that case, the 
molecular weight of polytetramethyJene oxide. The molecular weight of a polyethylene glycol has 
i; about ZOO^ZOOO and that weight average molecular weight is about 100H0Q0 on the other 
hand 3 preferred wei^t average molecular weight and the content ratio of a polyethylene glycol 
15 suitably decided in the range which does not lose membranous heat resistance. 
[0043]Although stated also later, in this invention, an organic substance (A) and the three- 
dimensional structure-'of-cross-linkage object (B) which has a metal-oxygen bond require in a 
film lhat it should be combined by the covalent bond, and the following two methods can be 
illustrated as a method of obtaining such a covalent bond. 

1) How to introduce substituents, such as a hydrolytic silyi group and a metal alkoxide, 
beforehand to an organic substance CA) for example, a three-dimensbnal structure-of-cross- 
linkage object (B) and combination are possible, and to attain a covalent bond using this 
substituent. 

2) How to introduce substrtuents, such as an isocyanate group, a vinyl group, an amino group, a 
hydroxyl group, a carboxylic acid group, and an epoxy group, beforehand, to a three-dimensional 
^structure-of-crossHinkage object (B). for example* an organic substance (A) and a reaction are 
possible, to make it react to an organic substance using this substituerrt, and generate a 
covalent bond. 

[0044]Between the two above-mentioned methods, since the former method tends to attain the 
dispersion state (nano dispersion) in a molecular level and it can be used for it simple^ it is 
preferred. In that case, it is preferred to introduce and use a hydrolytic silyl group for an organic 
substance (A) in the former method. Here, a hydrolytic silyl group reacts to water, carries out 
silanol (Si-OH) generation, and points out what alkoxy groups, such as one or more methoxy 
groups, an ethoxy basis, n-propoxy group, an isopropoxy group, and n-butoxy group, chlorine, 
etc, combined with silicon, 

C0O4S3As an example of what introduced the hydrolytic silyl group into the organic substance (AX 
EisCtrJethoxy silyObutane, bisCtriethoxy silyl)hexane. BisCtriethoxy silyOoctane, bis(triethoxy silyl) 
nonane, BisCtriethoxy siIyl)Deccan, a bisCtriethoxy silyOdodecane, A bisCtriethoxy silyl) 
tetradodecane, the next general fgrmulazR^ g^^R^^-Si-CCH^J^Si-R^ z-yP^x ^^^^^^ a formula) R^ 
A hydroxy group, a methoxy group, an ethoxy basis, an isoproxy group, n-propoxy group, n- 
butoxy group, an isobutoxy group, t-butoxy group, or dilorine, A methyl group, an ethyl group, 
n^propyl group, or an isopropyl group, x shows the integer of 0-2 and n shows the integer of 4-** 
ZO. The compound expressed, What (the Kaneka Corp. make, trade name "EPION'') the 
hydrolytic silyl group combined with the end piece and/or side chain of what the hydrolytic silyl 
group combined with the end piece of the polypropylene glycol (the Kaneka Corp. make, trade 
name "SAIRIRU^'X and polylsobutylene. What the hydrolytic silyl ffOup combined with the end 
piece and/or side chain of polyacrylate (the Kaneka Corp. rnake^ trade name "ZO/IURAKKU''), 
poly (ethylene-co-alkoxy vinylsitane) Cmade by Aldrich), etc. are marketed. 
[a048]If an organic substance has a hydroxyl group and an amino group, when It will make 
commercial 3-trietho?cy silyl propylisocyanato (Shin-etsu silicone company make, trade name 
''WBE9007'*') react. If rt has halogen, a hydrolytic silyl group can be easily introduced into an 
organic substance by making it react to SHriethoxy silyl propylamine etc By performing what is 
called a hydrosilylation reaction using stiyi hydride compounds, sudn as triakoxysilane and a 
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dialkoxy mcnpalkyi silsne, and th^ catalyst of chloroplatfnic acid etc., if an organic substance has 
an unsaturated band, A hydrolytic silyl group can be easily introduced Into an organic substance. 
When an organic substance is a polymer, the organic polymer which has a hydrolytic sHyl group in 
an end piece and/or a side chain can be easily manufactured by carrying out copolymerization of 
the hydrolytic silyl compound which has functional groups, such as an unsaturated bond which 
can polymerize, to an organic polymer monomer. 

[0047]What was illustrated above has two or more hydrolytic siiyl groups mainly in an onganic 
substance. When it has two or more hydrolytic silyl groups in an organic substance^ a tough film 
can be obtained and it is desirable, but the organic substance which contains one hydrolytic silyl 
grx^up in an organic substance may be used in the range which does not lose membranous 
intensrty. As for the organic substance containing one hydrolytic silyl firoup, it is desirable to 
have one or more hydrophrlic radicals, such as a salt of weak bases, such as acid radical; 
hydroxyl group; ammonium salt, such as a suffonic group and a phosphate group. If it has such a 
hydrophilic radical, membranous water capacity will improve and these hydrophilic groups will 
promote proton conduction- As for the organic substance containing one hydrolytic silyl group, 
although there is no restriction in the number of carbon atoms, and a molecular weight in 
particular, it is usually preferred to use a whh a molecular weight of 1000 or less ^ing. When a 
molecular weight uses the thing exceeding 1000, membranous intensfty moy fall or heat 
resistance may f^M The content ratio in a film of the organic substance containing one hydrolytic 
silyl group will not be limited especially if membranous Intensity and heat resistance can be 
satlrfied, but is or less % of the weight to the whole film solid content weight and is 60 or 
less % of the weight preferably. 

[0048lAs for the content of the above-mentioned hydrolytic silyl group, it is preferred that the 
silicon atom weight of the hydrolytic silyl group origin in the whole organic substance including a 
hydrolytic silyl group is 1 % of the wei#it - 30 96 of the weight. Less than 1 % of the weight is not 
enough as joint generation with the three-dimensional structure-of-cross-linkage object 
according [ silicon atom weight ] to a me1al-t?xygen bond, and for this reason, since heat 
resistance does not fully improve and it becomes easy to separate an organic substance and a 
three-dimensional structure-of-cross-tinkage objectp at it it is not desirable. When rt exceeds 30 
% of the weight, it becomes impossible on the other hand, to demonstrate the pliability of an 
organic component, 

[0045]When using what introduced the hydrolytic silyl group into the organic substance. In order 
for Hie hydrolytic silyl group itself introduced into the organic substance to form a three- 
dimensional strucrtun&-xif-cross-linkage object (B) by a hydrolysis reaction etc.. Even if it does 
not add the precursor which generates another three-dimensional structure-of-crossHinkage 
object there is no inconvenience, but tiie precursor which generates even in such a case 
another three-dimensional structure-of-crossHinkage object may be added. 
[0050]Thus, if what irrtroduced the hydrolytic silyl group into the organic substance Is used, an 
organic substance and a three-dimensional structure-of-cross-finkage object will serve as a 
ferm united by the covalent bond, and will serve as an organic substance and what is called an 
organic-inor^nic hybrid film that the three-dimensional structure-of-crcss-linkage object by a 
metal-oxygen bond composlte-ized with molecular level When it becomes «ich a film, a heat 
stabilizalion effect with a three-dimensional structure-of-cross-linkage object is very desirable 
as a proton conductive film which increases more and is used at an elevated temperature. When 
an organic substance constructs a bridge, even if an organic substance reaches the temperature 
which dissolves or changes structurally, tine dissolution and a structural change cannot be 
caused but a stable film can be obtained also at an elevated temperature. 
[005l]ln this invention, the film having sufFicierrt heat resistance and the moderate pliability in 
which handling and electrode production are possible can be attained by compounding the three- 
dimensional structure-of"cross-IInkage object (B) which has a metal-oxygen bond which is the 
organic substance CA) and heat-resistant ingredient which are soft components, ft says that the 
maximum of sufficient temperature usable in heat resistance is not less than 100 here^ and 
not less than 140 ** is pointed out preferably, 

[0052]Z* Three-dimensional structure-of^rossHinkage object (B) which has metal-oxygen bond 
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in addition to the organic: substance (A) mentioned above, the three-dimensional structure-of- 
crossHiinkage object CB) and proton conductlvfty grant agonrfc (C) which have a metal-oxygen 
bond, and water (D) are used for the proton conductive film of this invention. The three- 
dimensional structure-of-crossHinkage object (B) which has a metal-oxyeen bond of this 
invention. By joining together ^ongly by the organic substance (A) and a covalent bond in a film, 
1^0 big roles of it not only endowing high heat resistance with a proton conductive film, but 
holding the proton conductivity grant agent CO mentioned later are bome. 
[0053]Hqre, the three-dimensional structure-of-crossHinkage object (B) which has a metal- 
oxygen bond means the three-dimensional structwrer-of-c^oss-linkage object which the metallic 
Qxide which consists of a metallic element and oxygen, such as silicon^ titanium^ and a arconium, 
forms. The metallic compounds in which such a three-dimensional ^ructure-of-cross-»inkage 
object CB) generally has a hydrolytic metal content group. (For example, a metal alkoxide, 
halogenation metal, etc.) can be easily prepared by what is called a sol gel process Csol-gel 
process) that performs a hydrolysis reaction and a condensation reaction to it as a precursor. 
The above-mentioned hydrolytic metal content group does not necessarily need to exist In a 
precursorp and may exist as a substrtuent in an organic substance (A). And when it exists in an 
organic substance, rt is not necessary to necessarily use a precursor and an organic substance 
(A3 with a hydrolytic metal content group can be substituted for it 

[0054]AI$o in the three^-dimensional structure-of-cross^linkage abject (B) which has a these 
metal-oxygon bond, especially a desirable tiling Is a three-dimensional bridging body of a silicon'^ 
oxygen bond, and this can be easily formed by using alkoxy silicate and a halogenation silyl group 
as a raw material, and applying a sol gel process. Since reactant control is also easy, the silicon 
compound which serves as a raw material in that case is not only cheap, but becomes very 
advantageous also from the field of a manufeoturtng process economically. 

[0055]AH:hough the mixing ratio in particular of an organic substance (A) and a three-dimensional 
structure— of^cross-linkage object (B) is not specified, it is desirable and that It is 

1P:90"97:3 more preferably at a wt ratio. The membranous softening effect cannot be attained 
as an organic polymer is less than 3 % of the weight, and on the other hand, the effect of the 
improvement in heaWesistant fay a three-dimensional structure-of-crossHinkage object being 
less than 1 % of the weight cannot be expected. 
[005633, Proton conductivity grant agent CC) 

In addition to the organic substance CA) and three-dimensional stnjcture-of-crossHinkage 
object (B) which were mentioned above, a proton conductivHy grant agent (C) and water (D) are 
used for the proton conductive film of this inverrtion. Although the proton conductivity grant 
agent (C) of this invention bears the duty which raises the proton concentration in a proton 
conductive film. In view of proton conductivHy being proportional to the concentrBtion of the 
medium (water (D) is used in this invention) which transmits the concentration of a proton, and a 
proton, when the rise of proton concentration realizes high proton conductivity of this invention, 
it is indispensable. 

C0057]As a proton conductivity grant agent (C), what is called an acid compound that emits a 
proton is used. Here, as a kind of acid compound added as a proton conductivity grant a^nt 
phosphoric acid, sulfuric acid, sulfonic acid, carboxylic acid, boric acid, inorganic solid acid, those 
derivatives, etc^ are mentioned. In this invention, two or more sorts of of these acid or its 
derivafeve may be used together. It is preferred to use inorganic solid acid also in these. Here, 
inorganic solid acid refers to inorganic 0x0 acid, and the poly hetero acid which has the Keggin 
structure of tungstophosphoric acid, molybdophosphoric acid, etc and the Dawson staicture also 
in it is used preferably* These Inorganic solid acid has large molecular size enough^ and elution of 
acid from a film is considerably controlled also under existence of water etc. Inonganlc solid acid 
has ion polarity, and since it becomes possible to prevent elution of acid, in the proton 
conductive film used at an elevated temperature over a long period of time, it it is not only held 
in a film by polar interaction with a metal-oxygen bond, but can be especially used for it 
preferably. 

[OOSSjIf acidity is large and molecular size and the size of polar interaction with a metal-oxygen 
bond are taken into consideration also in inorgsanic solid acid, tungstophosphoric acid will be used 



http://www4jpdlJnpitgojp/cgi-bin/tran_web,cgj^ejje?atw_u=*tt^ 2009/10/28 



JP,Z001-307545A [DETAILED DESCFaPT[ONJ 



especially prrferably. In thb invention, these inorganic solid acid and other acid may be used 
together as a proton conductivity grant agent (CX and, in addition to this, two or more organic 
acid and inorganic acid may be used together, 

[0059]As for the addition of a proton conductivity grant ag^nt (C), it is preferred that they are 
five or more weight sections to total quantity 100 weight section of an organic sidsstance (A) and 
a three-^dimensional struoture^ol^crossHinkage object (B)- The proton concentration in a film is 
not enough in the addition being less than five weight sections, and good proton conductivity 
cannot be expected, W it is a range which a rnaximum in particular does not have in the addition 
of a proton conductivity grant agent, and does not spoil membranous physical properties on the 
other hand, it is desirable to carry out abundant addition as much as possible- Usually, if a proton 
conductivity grant agent exceeds 500 weight sections to the above CA) and total quantity 100 
weight section of (B), since a film becomes soft conversely when acid of a fluid is used, it is 
appropriate [ when solid aoid is used, a film is firmly weak, and 3 to use 500 or less weight 
sections, 

[0060]4. Water (D) 

En addition to the organic substance (A) mentioned above, a three-dimensional structure--of- 
crossHinkage object CB), and a proton conductivity grant agent (Cj, water (D) is used for the 
proton conductive film of this invention. In this Invention, water (D) bears the duty as a medium 
for transmitting a proton efficiently. Which mechanism may be used, although water receives a 
proton, and becomes HgO^ and the mechanism in which water transmits a proton has a 
mechanism vAx'tch this H^O^ molecule moves as it is, or a mechanism which a proton carries out 
hopping pf the water molecule, and goes. 

[006l]Under humidifioation environment when using !t as a fuel cell, or when measuring, water is 
introduced into a film. Therefore, when the dipping to water, etc. may be performed beforehand, 
and water may be introduced into a film and a film is formed, even if it makes water and a steam 
exist it can introduce. In order to introduce water into a proton conductive film efficiently, it is 
preferred to give the performance which can hold water on a film beforehand. Therefore, it is 
desirable to form a three-dimensional struct ure-of-cross^inkage object, where it made water 
and a steam exist at the time of a manufacturing stage, especially a sol gel reaction and water is 
included. 

[0062] As there is much quantity of the water (D) which can be introduced into a film, it is better 
in respect of proton conductivity, but as for water (D), it Is preferred that it is usually 1 to 60 % 
of the weight to the proton conductive film whole quantity. If sufficient proton conductivity is not 
acquired as the quantity of water is less than 1 % of the wei^. but it on the other hand, 
exceeds 60 % of the weigtit. since it will become a film which the film containing water turns into 
a film wrth very many holes, or swells including water, it is not desimble. If it uses as a fuel cell in 
the case of a porous film, hydrogen used as fuel will begin to leak to an oxygen polo, it will be in 
the so-called state of a chemical short circuit and, as a result electromotive force will decline 
substantially. On the other hand in the case of the film which swells including water, a 
membranous volume change happens by swelling, an electrode is destroyed by the stress of a 
volume change or a film is destroyed- For this reason, as for membranous water content. It is 
desirable not to exceed 60 % of the weight The content of such water can be adjusted with the 
process condition (for example, it is produced a film and recuperated under existence of water) 
at the time of forming the percentage (for example, mixing ratio of an organic substance and 
water retention resin) of an organic substance, the quantity of a three-dimensional structure-of- 
cross-linkage object the quantity of a proton conductivity grant agent and a film, etc. 
[00G3]ln this invention, in water (D). in addition, in order to promote transfer of a proton more. 
One or more sorts of other publicly known proton transmitters, such as ethylene carbonate, 
propylene carbonate, butylene carbonate, gamma-butyrolactone, gamma-valerolactone. sulfolane, 
3-methyl sulfolane, dimetinylsulfo^dde. dimethylformamide, and N-methyl oxazolidinone, may be 
used together. If it is a range in which the addition of other proton transmitters does not reduce 
membranous intensity in that case, it will not be limited in particular, but it is usually SO or less % 
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of the wei^t in the whole film substance. And the concomitant use with such water and other 
proton transmitters 5s effective also in the field which transmits a proton much more effectively 
and it not only can attain high proton convecttvrty, but raises the compatibility of a proton 
conductivity grant agent and an organio substance rather than the case of only water. 
[00e4]5. Dn the proton conductive film of other optional component this inventions. Within limits 
which do not spoil iJie purpose of this invention besides the organic substance (A3 mentioned 
above, a three-dimensional structure-of-cross-linkage object (BX a proton conductivity grant 
agent (C). and water (D)p Other optional components, such as a reinforcing: agent, a surface- 
active agent, a dispersing agent, a reaction accelerator, stabilizer, colorant, an antioxidarri; 
inorganic matter, or an organic butking agent can be added. 

[0065]For example, if the case of a reinforcing agent CD is mentioned as an example, since the 
proton conductive film of this invention contains the three^^dimensional bridging body fay a metal- 
oxygen bond, it has moderate intensity, but since it may become weak depending on a 
presentation, textiles can be used as a reirrfbrcing agent As textiles for such reinforcement 
although the textiles and those textiles of a raw material, such as textiles of natural material 
systems, such as textiles of polymers raw materials, such as an acrylic, polyester, polypropylene, 
and a fluoro-resin* silk, cotton, and paper, and glass fiber, are mentioned. Also in this, rt is 
preferred to use glass fiber and its textiles from compatibrlity with intensity or a film composition 
thing- An unsettled thing may be used for glass fiber, using that by which the surface treatment 
was carried out Especially if the size of textiles can be uniformly distributed on a film, it will not 
be limited, but 100 micrometers or less of things of ZO micrometers or less are more preferably 
used for a path from a relation with thickness. On the other hand, fiber length in particular is not 
limited. As such glass fiber, the thing of various sizes is marketed from Nittobo Co., Ltd., and 
those textiles are marketed similarly, 

[0066]When introducing these glass fibers into a film, the method of adding powdered or filar 
textiles can be simply used for a film fijirmation constituent moreover — impregnating a glass 
fiber fabric with a constituent in the case of a ^ass fiber fabric — after that ^ — sol — the 
method of carrying out gel (sol-gel) hardening can be used [n the case of textiles, the method of 
sticking textiles on the film produced beforehand may be used. A continuous glass fiber-like 
crystalline, a whisker, etc may be compounded witiri glass fiber as a reinforcing agent 
[0067]6. A proton conductive film and the proton conductive film of the process this invention. 
Use as an essential ingredient an organic substance CA), the three-dimensional structure-of- 
cross-l!nkage object (B) which has a metal-oxygen bond, a proton conductivity grant agent (C), 
and water CD), and contain ppticnai components, such as glass fiber, if needed as mentioned 
above, but The biggest feature is in the place which the organic substance (A) and 1iie three- 
dimensional structure-of-crossHinkage object (B) have combined by the covalent bond 
[006S]as the Prior art described, although the example which mixed simply the organic substance 
and the three-^mensional structure-of-cross^inkage object by a metal-^oxygen bond is publicly 
known, it is insufficient for coexistence of the pliability grarrt: of the film by an organic substance 
which is the purpose of this invention, and Improvement in heat resistance with a three^ 
dimensional structure-of-crossHinkage object That is, if the addition of the organic substance 
needed to be increased to some extent in simple mWng and an organic substance did not show 
proton conductivity to it at this time in order to give pliability wHJi an organic substance, an 
organic substance cuts a proton conductivity path and proton conductivity fells victim. Also 
when an organic substance is what shows proton conductivity at this time, it is difficult not to 
accept sufficient heatr-resistant improvement but to attain liie heat resistance more than the 
conventional fluorine system film- 

[a069]SLnce a covalent bond is fenmed with the proton conductive film of this Invention on the 
other hand between an organic substance (A) and a three-dimensional structure-of--cross— 
linkage object (B), Both ingredient will be in the very fine dispersion state (nano dispersion) in a 
molecular level even rf it blends encu^ organic substances to attain pliability, a proton 
conduction path is not cut but on the other hand, by combination with the heat-resistant 
extremely Outstanding three-dimensional structure~of-cross-linkage object Cutting of the 
molecule by heat, i-e,, a membranous pyrolysis etc,, is controlled, and the proton conductive film 
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which combines pliability and heat resistance can be obtained When an organic substance 
constructs a bridge a^? a matter of fact, even if an organjc substance reaches the temperature 
which dissolves or chang:es structurally, the dissolution and a structural change cannot be 
caused but a stable film can be obtained also at an elevated temperature. 
[PP70]The proton conductive film of this fnvention is producible w?th some manufecturing; 
methods stated to the following l-S, for example. 

1) An organic substance, the hydrolytic inor^nic compound which fcrms a three-dimensional 
structure-of-cross^rnkage object, and the thing made for the water of a steam or a fluid to exist 
in the system of reaction which pr^par^d the system of reaction containing the mixture which 
mixed the proton conductivity grant agent produced it by the publicly known means, and was 
subsequently produced — sol — the method of performing a gel Csol-gieD reaction. 

2) An organic substance, the hydrolytic inorganic compound which forms a three-dir^le^^sional 
structure-of-crossHinkage object, And the system of reaction containing the mixture which 
mixed the proton conductivity grant agent is prepared* making alcohol of a steam or the water of 
a fluid and four or less-carbon atom alcohol vapor, or a fluid exist in the system of reaction 
which produced it by the publicly known means and was subsequently produced — sol — the 
method of performing a gel (sol— gel) reaction. 

3) How to dip B film in the fluid which contain*; a proton conductivity grant agent after forming 
the film which consists of an organic substance and a three-dimenaonal structure-of^cross- 
linkage object by a metal-oxygen bond beforehand, and dope a proton conductivity grant agent. 

4) How to form the porous inorganic brid^ng body, to dip in an organic substance solution, and 
compound with Jt. and also dope a proton conductivity grant agent. 

5) How to dope C to prepare the film which consists of organic substances beforehand, to 
perform a sol— gel process, after contacting and swelling the solution of the precursor which 
forms the three-dimensional structure— of-crossHinkage object fay a metal— oxygen bond in this, 
and also ] a proton conductivity grant agent after that 

[0071]As mentioned above in the method of 1 or an organic substance and the hydrolytic 
inorganic compound which forms a three-dimensional structure--of-oross-linkage object, When 
using the organic substance which did not necessarily need to add as a separate raw material, 
for example, had hydrolytic metal content groups, such as a hydrolytic sily[ group and a metal 
alkoxide, in the former, the latter hydrolytic inorganic compound can also be omitted. In the 
method of 5, the organic substance may have the false structure of cross linkage by the 
structure of cross linkage or the hydrogen bond by a covalent bond, crystallization, etc. After 
making an organic substance construct a bridge into a sol— gel process and considering it as a 
film» a bridge may be made to oonstrxict by an electron beam or ultraviolet rays. 
[0072]And an organic substance (A) as this invention was mentioned above, the three- 
dimensional structure-of-crossHinkage object (B) which has a metal-oxygen bond. Use a proton 
conductivity grant agent (C) and water (D) as an essential ingredient, and if needed. Since it aims 
at obtaining the proton conductive film containing optional components, $uch as glass fiber, it is 
not limited for that process to the above-mentioned manufacturing method at all, hurt fields, such 
as simplicity of operation, reliability, and a manufacturing facility, to the method of said 1 or 2 is 
prefenred also in this. 

C0073]Next in order to give a full account further about the manufacturing method of the proton 
conductive film of this invention, the above mentioned method of 1 or 2 is explained along with 
the order of each process. Rrst, in the 1st process, the organic substance which introduced the 
hydrolytic sily! group, and hydrolytic inorganic compounds, such as a metal alkoxide which 
fijnctions as a precursor which forms a three-dimensional stmcture-of^crossHinkage object if 
needed, are mixed. As for a hydrolytic inorganic compound, in that case, it is preferred to add 
separately In the range which does not exceed 1 00 % of the weight to an organic substance. If it 
exceeds 100 % of the weight, a film will become hard and the softening effect of an organic 
substance will not be acquired* 

[0074]As such a hydrolytic inorganic compound, for example A tetraethoxysllane, A tetramethoxy 
silane, tetra-isopropoxysilane. tetra-n-fautoxysHane, tetra--t-butoxysilane. Or alkoxy silicate, 
such as monoalkyl one of these and dialkyi, Phenyltriethoxysilane, halogenation Sriang. 
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tetraethoxytitanium. tetra— isopropoxy titanium, tetra-n-butoxytitanium, trtra-t-iirtoxytitanium. 
Or alkoxy titanate containing crosslinking reaction speed-control group substitution products, 
such as monoaJkyI one of these, a dtalkyt object, and an acetylacetone, the oligomer, alkoxy 
zirconate, etc. are mentioned. In the case of the hydrolytic rnorganjc compound which has the 
above-mentioned alkyi group, it may have hydrophilic radicals, 5uch as a carfaoxylic acid groqp. a 
sulfonic group, a sulfete group, a phosphate group, an amino base, and a hydroxyl group, in the 
aikyi group. The alkyI group which has these hydrophilic radicals contributes to improvement in 
the moisture concentration in a film, and these hydrophiiro radicals contribute It also to proton 
conduction, 

[0075}A suitable solvent CG) may be used in the 1st process. As a solvent (GX although ether, 
such as alcohols, such as methanol, ethsnol. isopropanol nHbutanol. and t-~butanoL a 
tetr^hydrofuran, and dioxane, is generally used. It is good if usable to the dissolution of an 
organic substance, a metal alko?<ide« etc. instead of what is limited to these, and mixing. 
[0076]Cn the 1st process, specific inductive capacity Is 20 or more, and the boiling point may u^e 
together a not less than 100 compound with a solvent Under the presert circumstances, 
since specrfic inductive capacity has moderate suri^ce activHiy ability and can distribute an 
organic substance and an inorganic compound, ZO or more compounds have rL £ preferred ] On 
the other hand, since the boiling point remains in a film also after heating / hardening reaction^ 
the compound which remained is replaced by water by rinsing etc, and the not less than IQO ^Me 
compound can rai^e a film Nakamizu daily dose more, It is preferred. When what has a 
comparatively low molecular weight (for example, 100 or kss molecular weight) is u$ed as an 
organic substance, the compound which remained can achieve the duty of a plasticker and can 
obtain a flexible film. As an example of a compound of having the two above-mentioned physical 
properties. Ethylene rarbonate^ propylene carbonate, butylene carbonate, gammaHsutyrolactone, 
gamma-valerolactone, sulfolane, 3-methyl sullblane, dimethyisulfoxide, dimethylfbrmamide, 
methyl oxazolidinone, etc, are mentioned. 

[0077]SubsequentIy„ in the 2nd process, a proton conductivity grant agent is added to the 
solution obtained at the 1st process, and a procursive solution (system of reaction containing 
the raw material mixture for film formation) is obtained. In order to simplrfy a process, the 1st 
process and 2nd process may be unified and these raw materials may be mixed simultaneously. 
After making this procursive solution into the shape of a film by publicly known methods, 5:uch as 
the cast and a coat in the 3rd process, in the 4th process. The target film can be obtained by 
passing through what is called a sol-^S^I process warmed at the arbitrary temperature from a 
room temperature to about 300 under existence of water or a steam. In the case of warming 
in the 4th process, publicly known methods, such as heating in the usual oven and application— 
of--pressure heating by autoclave, may be used 

[0078]The water of a steam or a fluid is made to exist in said method of 1 In the system of 
reaction (namely, precursor filmy materiaO acquired at the 3rd process of the above. The 
catalytic reaction wfth this water may be performed under heating fay the inside of a $team 
atmosphere, or underwater, after hardening tiie grade which is not dissolved in water. Thus, if it 
heats by a steam atmosphere or underwater, hydrolysis and condensation take place efficiently 
and It becomes a more stable film to heat, and the silanol group moreover generated by 
hydrolysis improves water retention, and can increase the efficiency of the proton transfer by 
water. Under existence of a steam atmosphere or water, since condensation and hardening in the 
state where water was induded in the film take place, water content in a film can be enlarged 
more. Here, relative humidity points out for 10 to 100%, hydrolysis takes place more efficiently 
and it is so preferred that the steam atmosphere of especially relative humidity is close to 100%. 
[Q079]The hydrolytic inorganic compound which fisrms an organic substance and a three- 
dimensional structure— of^cross— linkage okyect in said method of 2, And alcohol of -four or less- 
carbon atom alcohol vapor or a fluid is made to exist in the system of reaction (namely^ 
precursor filmy material obtained at the 3rd process of the above) containing the mixture which 
mixed the proton conductivity grant agent simultaneously Wfth the water of a steam or a fluid. In 
this case, after hardening a water-alcoholic mixed vapor atmosphere or the grade which is not 
dissolved in a waters-alcohol solution like the method of (1). it may heat under a water-alcoholic 
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existence. Thus, if it heats in a water-alcoholic mixed vapor atmo3phGre or s water-alcoholic 
mixed solution, while it has been a swollen state with a moderate film, hydrolysis and 
condensation will take place efficiently* and it will become a film which has more stable and 
moderate pliability to heat. The alcohol used by the method of (2) is four or less-carbon atom 
alcohol, and methanol, ethanol^ isopropanol. n-propanol^ n-fautanol, t-butanoL ethylene glycol, 
propylene glycol, ^ycerin, etc. are preferred. In that case, the mixture ratio of alcohol and water 
has a preferred ratio of alcoholic:water =1:99 - 90:10. Here, relative steam concentration points 
out for 10 to lOOSi. moderate swelling of a film and efficient hydrolysis take p!ace more, and it is 
so preferred that a water-alcoholic mixed vapor atmosphere has especially relative steam 
concentration close to 100%. 

[0080![As a result of a sol gel reaction, the cooking temperature in the 4i}i process will not be 
limited, especially if it is the temperature which can form the three-dimensional structure of 
cross linkage and is a range which an organic substance does not decompose. Although 
thickness in particular is not specified^ it is usually taken as a thickness of 10 micrometers — 1 
mm, 

COOSl]In order to accelerate generation of a three-dimensional structure— of-crossHinkage 
object, acid, such as chloride, suIfViric acid^ and phosphoric acid, may be beforehand added as a 
catalyst in the system of reaction. Since it is accelerated also by a base, the base catalyst of 
ammonia etc, may be used for the three-dimensional structure of cross linkage, for example, but 
if a base catalyst is used, its a possibility of reacting to a proton conductivity grant agent will be 
high, and acid will be preferably used for rt, 

[0O8Z]Thus, the obtained proton conductive film is epoch-making organic inorganic composite 
membrane which shows the proton conductivity which was excellent in the heat resistance and 
endurance which do not look at an example to -th^ former, and was moreover excellent also in 
the elevated temperature, and can be conveniently used as a film of a fuel celL In order to 
consider it as a fuel cell using the proton conductive film of this invention, what is called a film- 
electrode conjugate that joined the catalyst support electrode to the film js produced. Although 
the manufecturing method In particular of this film-electrode conjugate is not limited, the method 
of carrying out heat pressing, the method of applying to a film and/or an electrode the 
constituent which has proton conductivity, etc can be suitably used for it. And the proton 
conductive film of this invention does not remain in the eiectrolysis film of a polymer electrolyte 
fuel cell, but can be used for a chemical sensor, an ion-exchange membrane, etc. 
[0083] 

[^ample]Heroafter. altiiough this invention is explained based on an example, thereby, this 
invention is not lim'rted at all. All of a compound, a solvent, etc which are used by the example or 
a comparath^e example used the cpmmerciat it^n as rt was. 

[0084]The section of the measuring method (1) film Nakamizu daily dose proton conductive film 
was measured with the thermo gravity measuring instrument (the SEIKO electronic industry 
company make, TG/DTA320), The film usually caused weight loss at 90-130 and by the film 
which removed water thoroughly, since this weight loss was not seen, I thought that this weight 
loss was based on volatili^cation of water. Therefore, in this example, weight % which broke a part 
for this weight loss by film entire wei^it wes made into the film Nakamizu daily dose. 
[a085|The appraisal method (1) heat-resistant evaluation proton conductive film was heated in 
140 oven under a nitrogen atmosphere for 24 hours. The evaluation after heating carried out 
viewing and bending organoleptics. 

O ' — Even if It bends, it divides and twists, and it cs a flexible film. 

X — It bends and comes out and a fracture, or membranous decomposition and fusion takes 
place easily. 

[0089](Z) By applying silver paste to both sides of the proton conductive film of proton 
conductivity evaluation this invention^ and drying them, it was considered as the electrode and 
the electrode and the electrolyte membrane complex (MEAiMembrane Eledrode Assembly) were 
produced. 4 terminal impedance measurement was carried out in the field with a frequency of 0.1 
Hz - 2 MHz using the electrochemistry impedance measurement device (the product made by 
SORATORON, 1260 typeX and the proton conductivity of the ion-conductive film was evaluated. 
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In the above— mentioned measurement, the electrode and the electrolyte comple;^ sample were 
supported in the well-closed corrtainer insulated electrically^ Is a steam atmosphere, changed cell 
temperature from a room temperature to 160 *+ by the temperature controller^ and measured 
proton conductivity at each temperature. The measured value in 140 w was shown as a central 
value. En 140 +*• It measured by pressurizing the inside of a measurement tub (5 atmospheres). 
[gOSTlPoIytetramethylene glycol #650 (weight average molecular weight 650: made by Wako Pure 
Chem) 75-Og (115.4mmoO is put into the glassware which carried out example 1 (composition of 
end triethoxy silyl polytetramethylene oxide) desiccation. Then, 57.1 g C?30-8mmol) of SHriethoxy 
silyl propylisocyanates CShin-etsu silicone company make, trade name '^KBE"'900'?GD were put In, 
it stirred slowly at 60 ^ under a nitrogen atmosphere for 1Z0 hours, and the following reactions 
were performed. When thqs obtained t^f^^ fluid was measured by H^-NMR (DRX-300, made in 
Bruker), the spectmm which considers end triethoxy silyl polytetrametbylene oxide and does not 
have inconsi^ency was acquired. Within NMR detection sensitivrty, an impurity signal was not 
obserw'ed but the pure article was obtained mostly. Thus, weight [ as opposed to the whole 
molecule of the silicon atom of hydrolyiJc sllyl group Ctriethoxy silyl group] origin in the obtained 
compound ] is 4.9 % of the weight- 
HQ. (CH^CHj.CH2CH20) ^H+ZOCNCH^CH^CH^SiCOC^H^) 3">COC2H5) gSiCH^CH2CH2NHCOO. 

(CH^CH^CH^CHgO) ^CONHCH2CH2CH2SiCOC2H5) gE00B8](Composition of other end hydrolytic 
silyl group compounds) The same reaction is further performed using polytetramethylene glycol 
#1000 (weight average molecular weight 1000: made by Wako Pure Chem). or polyethylene-^glycol 
#Q00 (weight average molecular weight 600: made by Wako Pure Chem), The compound which 
has a hydrolytic silyl group in both ends was compounded. 
[0089](Productjon and film production of a mixture) 1.0 g of end triethoxy silyl 
polytetramethylene oxide was dissolved in 1.0 g of isopropanot Apart from this solutioa the 
solution which dissolved 1.0 g of tungstophosphoric acid (made by Wako Pure Chem) in 1.0 g of 
isopropanpl was prepared. It slushed into a polystyrene petri dish (made by Yamamoto 
Seisakusho, Inc.) 9 cm in inside diameter, after mixing both and stirring violently for 1 minute. 
After putting in this petri dish in the container warmed at 60 when the steam generated at 70 
^ was introduced Into that container and it heated for 12 hours, Ihe watenwhite and flexible 
film was obtained. 

[0a90][n example 2 Example 1, the film was obtained 13^ Example 1 except having used 0.5g of 
tungstophosphoric acid. 

[t)09l]fri example 3 Example 1. polytetramethylene glycol #250 (made by Aldrich) is used instead 
of polytetramethylene glycol #B50. The film was formed like Example 1 except not having 
introduced a steam in the container at the time of heating, using tungstophosphoric acid 1,1 7g, 
[009Z]In example 4 Example 1, using tungstophosphoric acid O.Sg, O.Sg of ethylene carbonate 
(made by Wako Pure Chem) was added, and the film was formed like Example 1 except not 
having introduced a steam in the container at the time of heating, 

[0093][n example 5 Example 1. using tungstophasphoric acid OJSg, 0.5g of ethylene carbonate 
was added and the film was formed like Example 1 except not having introduced a steam in the 
container at the time of heating. 

[0094]In example 6 Example Z, the film was formed like Example 2 except having added O.Sg of 
ethylene carbonate. 

I]D095]0-e7 E of end triethoxy silyl polytetramethylene oxide and 0.33 g of phenyltriethoxysilane 
(made by Toshiba Silicone) which were produced by making it be the same as that of example 7 
Example 1 were dissolved in 1.0 g of isopropanol. Apart from this solution, the solution which 
dissolved the tungstophosphoric acid 0,57g and O.ZS g of propylene carbonate (made by Wako 
Pure Chem) in 1.0 g of isopropanol was prepared. It slushed into a polystyrene petri dish 9 cm in 
inside diameter, after mixing both and stirring violently for 1 minute. When this petri dish was 
warmed at BO in oven for 12 hours, the water-white and flexible film was obtained. 
[0096]ln example 3 Example 1, the film was obtained like Example 1 except having introduced 
90:1 0 mixed vapor of water and n-butanol generated at 80 ^ when warming 
[OOSTlIh example 9 Example 1, the film was obtained like Example 1 except having added 0.1 g of 
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glas5 fiber by Nittobo C Co.. Ltd ] Co., Ltd "PF7QE-001" (the fiber length axis of 70 
micrometers, fiber diameter of 10 micrometers) to the fiim composition thing. The obtained film 
turned into a fiim with very high intensity, showing proton conductivity equivalent to Example 1, 
[□0S8]In example 10 Example 1, the film was obtained like Example 1 except having used 
polytetramethylene glycol #1000 (made by Wako Pure CKem) instead of polytetramethylene 
glycol #650. Polytetramethylene glycol #1000 was applied to thi^ film so that it might be set to 3 
micrometers in thickness by a bar coating machine, and the gas diffusion electrode (the product 
made by E-TEK. amount of catalyst platinum 0.30 mg/cm^, and ZO mm Jn diameter) was stuck on 
membranous both sides. This film was included in the evaluation cell and fuel cell output 
performance was evaluated. In reactant gas; It both measured using hydrogen/ oxygen in the cell 
temperature of 100 the gas pressure of 3 atmo^heres, and gas mass flow 60 mL/mia 
Hydrogen was beforehand humidified through the water bubbler The cell output performance 
was measured using the electrochemical measuring apparatus (the product made by 
SOFiATORON, 1Z60 type). The result was shown in drawing 1 . 

[OOSSjThe product made by comparative example IDuPcwit and the trade names "Naflonll?'' 
were used as it was. 

[qlCO]bi comparative example 2 Example 7, when using potyethylene-gtycol #600 (made by Wako 
Pure Chem) and producing a film instead of potytetraethylene glycol #650, the film was obtained 
like Example 7 except the propylene carbonate 0,5g and tungstophosphoric acid having been 0,5 
g. The carbon atom 2 chain of an organic substance is [this comparative example ] main. 
[0101]In comparative exarr^le 3 Example 1, the film was obtained like Example 1 except 
tungstophosphoric acid having been 0,25 g. The obtained film was warmed at 140 W under dry 
nitrogen for 3 hours, and the moisture in a film was removed. Proton conductivity was measured 
Without humidrftrtng this film at the time of measurement. Weight loss was not observed to ZOO 
^ with a thermo gravity measuring instrument (the SEIKO electronic Industry company make, 
TG/DTA320), but the moisture rn a film of the film of this comparative example was about 0%. 
[01023The film was cresrted like Example 1 except having used 0.5g of IN chloride as a curing 
catalyst, without adding the tungstophosphoric acid which is a comparative example 4 proton-^ 
conductivity grant agent Chloride vaporized in the atmosphere at tiie time of heat cure, and did 
not remain in the film. 

[0103]Instead of example 11 (composition of end triethoxy silyl dodecanediol) polytetramethylene 
glycol ++6S0. 20.2 g (lOOmmol) of 1.12-dadecanediol (made by NacalaJ Tesque, Inc), The 
notation compound was quantitatively obtained like Example 1 except having used equivalent 
weight of 3-triethoxy silyl propylisccyanates (49.5e;200mmol) to the hydroxyl group. Structure 
was checked in NMR. The obtained compound is an organic matter of olefin nature which does 
not have an ether bond unlike the case where polytetramethylene glycol is used The same 
reaction was performed also about did. such as octanediol and hexandlol, Deccan diol. and 
butanediol besides dodecanediol, and it checked that the triethoxy sililation of an end was 
possible. The same reaction was performed by dodecanediamlne and a hexanediamine and it 
checked that the triethoxy sllrlation of an end was possible. When amine is used, it is not what 
the trielJioxy silyl group combined via the urethane bond, and becomes what was combined with 
the triethoxy silyl group via urea (urea) combination. 

(Production and film production of a mixture) The film was created like Example 2 except having 
used the end triethoxy sililation dodecanediol 1,0g obtained at the above^entioned reaction 
;nsrt:ead of end triethoxy silyl polytetramethylene oxide. It was water-white and the hard film was 
obtained as compared with the thing of Example 1. 

[0104]bi example 1Z (production and film production of a mixture) Example 2, the film was 
created like Example Z except having used commercial bis(triethoxy silyl)octane (made by 
MAZUMAKKUSU) instead of end triethoxy silyl polytetramethylene oxide. It was water-white and 
the hard film was obtained as compared with tine thing of Example 2. BisCtriethoxy silyDoctane 
does not have an ether bond and a urethane bond, but a methylene chain is an olefin of S 
between triethoxy silyl groups- 

[OlO^In exampie 13 Example 12, the film was obtained Ike Example 12 except the quantity of 
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tungstopho!?phoric acid having bean 0.75 Example 12 and the almgst same comparatively hard 
film wero obtainedL 

[Dl06]In example 14 Example 12, instead of bisCtrfetihoxy silyDoctane. bisCtnethoxy silyOhexane 
(made by MAZUMAKKUSU) was used, and the film was obtained like Example 12 except the 
quantity of tungstophosphoric acid havtne: been 1.04 The comparatively hard film was obtained 
lik^ Example 12. 

t0107]In5tead of example 15 (production and film production of mixture) tungstophosphoric acid, 
the film wa5 obtained like Example 2 except having used molybdophosphoric acid (made by Wako 
Pure Chem). The film was yellow and transparent. The almost same flexible film as Example 2 
was obtained 

[]0108]In comparative example S Example 2, the film was obtained like Example 2 instead of end 
triethoxy silyl polytetramethylene oxide except having used end triethcxy silyl polyethylene oxide 
(average molecular weight 800). The almost same flexible film as Example 2 was obtained. 
[01D9]The compound 0.7Dg which introduced tfie hydrolytic silyl group into the both ends of 
compound [ which introduced the hydrolytic silyl group into the both ends of polytetrameth\dene 
glycol #650 obtained in example 16 Example 1 ] 0.30g, and polyethylene-glycol #800 was 
dissolved in 1.0 g of isopropanol. Apart from this solution, the solution which dissolved 0,25 g of 
tungstophosphoric acid (made by Wako Pure Chem) and the ethylene carbonate 0.25g in 1*0 g of 
isopropanol was prepared. After mixing both and birring violently for 1 min^rte, it slushed into a 
polystyrene petri dish 9 cm in inside diameter, and warmed at 60 under saturated steam for 
12 hoursw The obtained film was 100 microm^ers in thickness. 

[01 1 0lThe compound 0-70g which introduced the hydrolytic salyl group into the both ends of 
compound [ which introduced the hydrolytic silyl group into the both ends of polytetramethylcnc 
glycol #1000 obtained in example 17 Example 1 ] 0.30g, and poiyethylene-glycol #600. Except 
having dissolved in 1.0 g of isopropanol, it carried out like Example 16 and the film was produced. 

[0111]The compound O.SOg which introduced the hydrolytic silyl group into the both ends of 
compound [ ^ich introduced the hydrolytic silyl group Into the both end^ of polytetra methylene 
glycol #1000 obtained in example 18 Example 1 ] O.SOg, and polyBthylene-glycol #600, Except 
having dissolved in 1,0 g of isopropanol. it carried out I3ke Example 16 and the fitm was produced 

C0112]The compound 0.30g which introduced the hydrolytic silyl group into the both ends of 
compound [which introduced the hydrolytic silyl group into the both ends of polytetra methylene 
glycol #1000 obtained in example 19 Example 1 ] 0,70g, and polyethylene-glycol #600, Except 
having dissolved In 1.0 g of isopropanol, it carried out like Example 16 and the film was produced. 

[01 ig]ln example 20 Example 2, the film was obtained like Example Z except having added 0,1 g of 
tetraCisopropoxy) titanium (made by Wako Pure Chem) as a three-dimensional structure-of- 
crossHinkage object precursor. The film showed the almost same description as Example 2. 
[0114]as mentioned aboye^ combination of an example and warming' — conditions and a 
measurement result were summari^ied in Tables 1—3. on the other hand — - combination of a 
comparative example, and warming ■ — conditions and a measurement result were summarized in 
Table 4. 
[0115] 
[Table 1] 
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[0117] 
[Table 3] 
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[OIISlTh^ three-dimensianal ^tructure-of^cross-^inkage abject CB3 which has an organic 
substance (A) and metal-oxygen bond so that mcwe clearly than the result of Table 1 - 4, A 
proton conductivity grant ag^^nt (C) and water (D) w^re contained, and ^ach proton conductive 
film Cexan^les 1-20) of this invention which (B) combined with (A) by the covalenrt bond was 
excellent in heat resistance^ and 140 ** showed high proton conductivrty. On the other hand, in 
the fluorine syrtem film (comparative example 1) used as a conventional typical electrolyte 
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membrgine. When d^terioratEon of a film was s^en and the requiremwte for this invention were 
not satined by the ingredient of above-mentioned (A) - (D) (comparative examples 2-5), in 
each, there i^ a problem in membranous proton conductivity, heat resistance, a mechanical 
characteristic, etc., and It was clearly inferior in respect of the practicality as an electrolyte 
membrane. When the water retention resin which has less than four connected caition atoms in 
a main chain was added to an organic substance (examples 16-19), heat resistance not only 
improves^ but the quantity of the water in a film increased and it was able to acquire hi^er 
conductivrty. When the steam was added during the hardening reaction, in the manufacturing 
process, it led not only to the increase in efficiency of a sol gei reaction but to the improvement 
in film Nakamizu part cpncentration and by extension, conductive improvement* so that it might 
turn out that Example 1 is compared with Example 3- Tn Example 10, the power generation which 
used the proton conductive film of this invention has also been checked further again. 
[01201 

[E-ffect of the Invention]By forming the film which the organic substance and the inorganic 
bridging body combined, the good proton conductive lilm was able to be obtained also in the 
elevated temperature by realizing suffident heat resi^nce and making a proton conductivity 
gr^nt agent and water exist in a film- The operating temperature of the polymers solid oxide fuel 
cell which attracts attention in recent years can be raised to not less than 100 ** fay this, and. 
as a result improvement in generation efficiency and reduction of the CO non-poison of a 
catalyst can be attained- The deployment to the cogeneration system by a waste heat 
management is also considered, and the improvement in operating temperature is connected to 
improvement in dramatic energy efficiency. 



[Translation done.] 
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[ 0 0 12] lE^-c, ifimn<Dm2o>^mic^nvt. m i 
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[ 0 0 5 4] C n - ifSij^^^ ^ 3 --XiiMm 
40 ^^3S-&<r>3-,t7CiS;fSi*:T'**:, C^i*, rJl'=5^->-> 

'J - r > o >-' > f ti^ LI jL.a^Mi4 i . vji. >/ 
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[ 0 0 7 3] -^mm^Dy^^ V ^^Bm^m<om^i3 

jUgft^cc, :^-sU?}4>^s. 

[ 0 0 7 5] ^fc. m 1 ©x^tr-ii. ^^^fjgsi < g ) 
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